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Abstract

The emergence of synthetic cannabinoids is an ongoing challenge for forensic, clinical
analytical chemists and toxicologists. Different analogs are continuously introduced in
the market to circumvent the legislation and to enhance their pharmacological activity. In
the present project, a total of seven synthetic cannabinoids were identified in four herbal
incense products by employing GCMS, and LC-TOF. Fractional collection of four out of
the seven synthetic cannabinoids was performed using HPLC followed by the collection
of FTIR-ATR spectra. Five out of seven synthetic cannabinoids were classified as
indazole carboxamide derivatives, which include 5Fluoro-EMB-Pinaca, 5Fluoro-AMB,
MA-Chminaca, AB-Chminaca, and 5Fluoro-AKB-48. The remaining two belong to the
naphtholindoles and tetramethylcyclopropylcarbonylindoles class, NM-2201 and XLR11, respectively. 5Fluoro-AMB was found in Pineapple Xtreme and G20 second
generation and MA-Chminaca was found in Pineapple Xtreme and Blue Giant bag.
Confirmation of identified synthetic cannabinoids was done through analyzing reference
standard compounds under same experimental conditions.
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Introduction
Synthetic Cannabinoids, also known as cannabimimetic compounds, are manmade compounds that activate the endocannabinoid system. These compounds produce
similar effects in the cannabinoid receptors CB1 and CB2 as 9-deltatetrahydrocannabinol, but they show 4-5 times more binding affinity at these receptors
(Seely, 2012, p.825). Because of this, synthetic cannabiboids are pharmacologically more
potent than marijuana, and their short and long-term effects on humans are currently
unknown.
Originally, synthetic cannabinoids were developed by scientists for medical
research purposes with the goal of improving the interaction between these compounds
and the endocannabinoid system (ElSohly, Gul, Wanas, & Radwan, 2014, p.78). They
started as an alternative to marijuana until the material got distributed worldwide for
recreational use. Their use and abuse has caused a parlous state to the community since
very little information was known about the pharmacokinetics and the identity of these
compounds. Efforts to regulate these compounds have become an ongoing challenge as
new synthetic cannabinoids continue to emerge to overcome current regulations.
These compounds are known to be lipid soluble and non-polar containing
from 22-26 carbons all sharing a common structural feature, a side chain composed of 4
to 9 saturated carbon atoms for an optimal activity in the cannabinoid receptor
(EMCDDA, 2009).
According to Anthony Gutierrez (2012), synthetic cannabinoids refer to any
designed chemical compound that is a cannabinoid receptor agonist and are classified
according to their chemical structure into the following categories:
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(1)Naphthoylindoles: any compound with a 3-(1-Naphtoyl)indole structure
having a substitution at the nitrogen atom of the indole ring, (2)
naphthylmethylindoles: any compound containing a 1 H-indol-3-yl-(1naphthyl)methane structure with substitution at the nitrogen atom of the indole
ring, (3) naphthoylpyrroles: any compound containing a 3-(1-napthoyl)pyrrole
structure with substitution at the nitrogen atom of the pyrrole ring, (4)
naphthylmethylindenes: any compound containing a naphthylmethyl indenes
structure with substitution at the 3-position of the indene ring,
(5)phenylacetylindoles: any compound containing a 3-phenylaetylindole structure
with substitution at the nitrogen atom of the indole ring, (6) benzoylindoles: any
compound that contains a 3-(benzoyl)indole structure with substitution at the
nitrogen atom at the indole ring, (7) cyclohexyphenols: any compound containing
a 2-(3-hydroxycyclohexyl)phenol structure with substitution at the 5-position of
the phenolic ring, (8)adamantoylindazoles: adamantly carboxamide with a 31(adamantoyl)indazole structure with substitution at the nitrogen atom of the
indazole ring, (9) adamantoylindoles: any compound that contains a 3-(1adamantoyl)indole structure, (10) tetramethylcyclopropylcarbonylindoles and any
other synthetic chemical compound that is cannabinoid receptor agonist (p.31-32).
Over the last few years their illicit use appeared in the market disguised and
advertised as herbal tea, aromatherapy herbs and incense products popularly named as
“Spice” “Super Nova”, “Cloud 9”, K2, and K3. The synthetic cannabinoids are dissolved
in organic solvents of high volatility, sprayed unevenly onto plant materials, dried and
packed for distribution. According to Brents and Prather (2014), the preparation of these

3
herbal products yields uneven distribution of the synthetic cannabinoids and therefore;
has a high variability in concentrations from package to package (p.73).
Labeled as “Not for human Consumption”, these products are easily sold on the
Internet, the streets and tobacco shops. Products labeled as “Not for Human
Consumption”, are kept from being subjected to the Federal Analogue Act of 1986 that
declares, “A controlled substance analogue shall, to the extent intended for human
consumption, be treated for the purpose of any federal law as a controlled substance in
schedule (Brents and Prather 2014, p.73)”. On the effort to stop their distribution,
legislation in USA has regulated many synthetic cannabinoids placing the most
prominent synthetic cannabinoids into the Schedule I class (Fantegrossi, Moran,
Radominska-Pandya & Prather, 2014, p.45). However, new synthetic cannabinoids as
well as new analogs of the controlled substances are being developed to substitute the
banned synthetic cannabinoids for unregulated substances of higher potency and higher
efficiency. Consequently, there are few limitations for their commercial distribution,
identification and control. In addition to being labeled as “Not for Human
Consumption”, the content of the herbal incense products is inaccurately labeled or not
labeled at all, handing the responsibility for the user’s safety solely to the customer who
is unaware of the danger of consuming this product.
Any regulatory effort is complicated by the lack of standardized analytical
techniques that can detect synthetic cannabinoids in herbal products. The problem goes
beyond the lack of standardized methods. New unregulated synthetic cannabinoids of
greater toxicity are being integrated and blend in herbal incense products. Studies have
concentrated their efforts on creating new methods for identification and quantification of
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these new synthetic cannabinoids using a variety of analytical procedures in search of
faster and more reliable techniques.
Penn et al. (2011) used enzyme multiplied immunoassay technique (EMIT) and
gas chromatography coupled with mass spectrometry (GCMS) to determine the presence
of synthetic cannabinoids in herbal incense products after some synthetic cannabinoids
were regulated. No results were found during immunoassay analysis after using
standardized methods for opioids, amphetamines, benzodiazepines, cocaine and
cannabinoids. GCMS screening techniques revealed the presence of regulated synthetic
cannabinoids.
Ciolino (2015), used high liquid performance chromatography (HPLC) with
ultraviolet (UV) as a detector and a phenylhexyl stationary phase to develop a validated
method for the quantification of 34 synthetic cannabinoids extracted from plant materials
using acetonitrile. Her results showed limits of quantification less than 10ug/g for many
cannabinoids and an average recovery of 94%.
Lesiak et al. (2014) employed direct analysis in real time mass spectrometry
(DART-MS) coupled with time of flight –mass spectrometry (TOF-MS) for the screening
analysis of five Spice products. According to the results, these spice products contained
different classes of synthetic cannabinoids in each bag. However, her goal was to develop
a preliminary screening technique. These compounds were rapidly identified by
comparing their spectra and the precise molecular weight resulting from the analysis with
TOF-MS to pure standard samples. This method avoids sample extraction,
derivatization, and other sample preparation needed for more complex analytical
techniques.
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Macherone and Gluodenis (2012) demonstrated the applicability of triple
quadrupole GCMS by using multiple reaction monitoring (MRM) technique. Seventeen
synthetic cannabinoids in herbal incense blends were studied with this method, from
which high sensitivity and selectivity, low matrix effects, and greater signal-to-noise ratio
was presented. Research has been made for identification, and quantitation purposes.
Yet, few studies have investigated the variation of synthetic cannabinoids from
batch to batch. The goal of this research is to examine the content of multiple packages
of herbal incense products by employing GCMS, liquid chromatography- time of flight
(LC-TOF), HPLC with a diode array detector (DAD) and Fourier transform infrared
spectroscopy attenuated total reflection (FTIR-ATR) techniques. This is the first step in
an attempt to determine the variability of the structure from package to package.
It is known that new versions of synthetic cannabinoids are frequently emerging
to overcome regulation efforts to ban these psychoactive compounds. We were interested
in investigating the content of multiple herbal incense bags and determining if a common
pattern is followed to create new compounds. Is there a common compound in all
packages? Do they share similar structures? How are they being altered? This is the first
step in an attempt to determine a common modification pattern of these substances.
Additionally, this research did not only concentrate on synthetic cannabinoids but it also
concentrated on identifying psychoactive compounds present on plant material. We
analyzed four different herbal incense bags including Pineapple Xtreme Aroma Therapy,
Blue Giant Potpourri, Blueberry Potpourri, and G20 second generation, for identification
of synthetic cannabinoids by employing different analytical techniques. The presence of
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synthetic cannabinoids in herbal bags was confirmed by comparing them to the reference
standard compound analyzed using the same experimental conditions.
Methods and Materials:
Samples for analysis:
The analyzed samples were obtained from the Police Sciences Department for
research purposes in the year of 2015. Four different herbal potpourris bags were
investigated; Pineapple Xtreme Aroma Therapy, Blueberry Smacked, Blue Giant, and G20 Second Generation.
Once a synthetic cannabinoid was identified, standard compounds were purchased
from Cayman Chemical including 5fluoro-AMB, 5fluoro-EMB-Pinaca, NM-2201, MAChminaca, and 5fluoro-AKB-45. NM221, MA-Chminaca, and 5fluoro-AKB-45 were
received as stock solutions of 1.0mg/100uL in acetonitrile. 5fluoro-AMB and 5fluoroEMB-Pinaca were received as neat solid, 100uL of methanol were used to dissolve the
solid material. XLR-11 and AB-Chminaca could not be obtained as they are classified as
controlled substances.
Chemical and Reagent:
Acetonitrile (HPLC grade), and methanol (HPLC grade) were obtained from
Fisher Scientific. 18MΩ water was obtained from a Millipore filtration system.
Preparation of sample:
GCMS
For qualitative analysis, 2mL of methanol was added to 50-60mg of herbal
products. Samples were vortex for 30 seconds, and sonicated for 40 minutes. After
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centrifugation of each sample at 5000rpm for 10minutes, 50uL of each supernatant was
transferred into GC vials for analysis.
Analytical conditions for GCMS:
GCMS analysis was performed on an Agilent Technologies 7890B GC system
with a 5977 mass selective detector using a capillary column HP-5MS 5% Phenyl Methyl
Silox (30m x 250um x 0.25um) with helium gas at 1.2ml/min. Conditions were as
followed: injection port temperature, 250°C; injection, 1uL splitless mode; oven
temperature program, initial 150°C for 2 minutes and increased at a rate of 15°C/min to
300°C for 20 minutes. Transfer line temperature, 280°C; scan mode from 25-500 amu at
a speed of 1.562; electron impact ionization mode, 70eV. Generated mass spectra for
compounds were analyzed using MSD ChemStation (Agilent Technologies) which used
National Institute of Standards and Technology (NIST) mass spectrometry MS Search 2.0
as a database.
LC-TOF:
For LC-TOF qualitative analysis, to 100mg of Pineapple Xtreme Aroma Therapy,
Blueberry Smacked, and Bluegiant herbal potpourris, 3mL of methanol was used for
extraction. Samples were vortex for 30 seconds, sonicated for 40 minutes and
centrifuged for 10 minutes. One milliliter of methanol extract was shipped for analysis to
Bruker Daltonics in Billerica, MA. Pineapple Xtreme and Blueberry were diluted 500x
and Bluegiant was diluted 50x by Bruker analysts before injection.
Analytical conditions for LC-TOF:
The LC-TOF analysis was carried out using Agilent 1290 Infinity connected to
Impact II Q-TOF mass spectrometer with a binary mobile phase consisting of solvent A
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(0.1% formic acid in water) and solvent B (0.1% formic acid in acetonitrile) at a flow rate
of 0.5mL/min using a Agilent Eclipse Plus RRHD C18 (2.1 x 100mm x1.8um column).
Conditions were as followed: injection volume, 1uL; column temperature, 40°C; gradient
conditions, initial gradient 20% B held for 0.50min then increased to 95% B for 7.5
minutes then returned to 20% B at 8.01 minutes and held until 10.00. Transfer line
temperature, 200°C; ionization, ESI positive mode; capillary voltage, 4500V; m/z range
20-1000. Generated mass spectra for compounds were analyzed using SmartFormula and
CompoundCrawler, a Bruker software.
Samples purification by HPLC:
Herbal incense products were soaked in methanol, followed by vortexing, 40
minutes sonication and 10 minutes centrifugation. Methanol was then extracted and
injected in the HPLC to separate and collect the different synthetic cannabinoids.
Purification was carried out on an Agilent 1100 series HPLC equipped with a binary
pump, a symmetry shield RP8 (3.5um x 4.6mm x 150mm) and diode array detector. The
mobile phase consisted of 40:60 water:acetonitrile, with other ratios in the range of 30:40
at 6 minutes and 20:80 at 10 minutes for a total run of 20 minutes. The injection volume
was 10uL and all flow rates were 1.0mL/min. Detection wavelengths used were 315nm,
304nm, 254nm. For each sample, individual peaks were manually collected in multiple
fractions, and evaporated using a Turbovap at 60°C. Evaporated samples were then
reconstituted in 50uL of methanol and injected in GCMS to verify if the collected peaks
were one of the synthetic cannabinoids previously identified by GCMS and LC-TOF. If
so, reconstituted sample was used to collect an ATR spectrum.
Fourier Transform Infrared Spectroscopy- Attenuated Total Reflectance:
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The purpose of purifying the samples by HPLC was to obtain FTIR-ATR spectra
to study group frequencies of their functional groups. Thus, reconstituted samples
collected by HPLC and identified to be synthetic cannabinoids were subjected to FTIRATR analysis. Attenuated total reflection infrared spectra were obtained on Nicolet iS10
FTIR spectrometer couple with a diamond ATR from ThermoFisher Scientific (Waltham,
MA). A spectrum of each reconstituted sample was collected by applying 15uL onto the
diamond and allowing it to evaporate. FTIR-ATR spectra for samples were collected at a
range of 4000-400cm-1, with a resolution of 4cm-1, aperture of 80.00mm and scan rate of
16 scans per second.
Results:
GCMS Analysis:
Herbal products such as Xtreme Pineapple, Blue Giant, Blueberry Smacked and
G-20 were analyzed by GCMS to investigate the presence of new synthesized
cannabinoids as well as phytochemical compounds which can interfere with the effects of
designed drugs. Phytochemical compounds were identified using NIST MS database. No
matches for synthetic cannabinoids were found using this library as the NIST MS
database contained a limited number of synthetic cannabinoids. Therefore, the
fragmentation patterns generated by the mass spectrometer were used to identify the
following synthetic cannabinoids: MA-Chminaca, 5fluoro-AMB, 5fluoro-EMB Pinaca,
XLR-11, 5fluoro-AKB-45 and AB-Chiminaca. Compounds break down differently,
depending on their structure, resulting in fragmentations of diverse masses that are then
separated in the mass spectrometer analyzer according to their mass to charge ratio. Upon
electron impact, a molecule is ionized by knocking down an electron, which results in the
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formation a molecular ion. The molecular ion in the generated spectrum provides the
molecular weight of the compound. Additionally, residual energy from the collision
causes further fragmentation of the molecular ion product, producing smaller ions and
neutral fragments, which then generate a unique fragmentation pattern of a specific
compound. Compounds can have the same molecular weight; however, their
fragmentation pattern would be different. The fragmentation pattern is then used to
identify the structure of a compound. As a starting point, the molecular ion of the
compounds resulting from the mass spectroscopy analysis as well as the classification
based on their chemical structure were utilized to narrow down the search for possible
synthetic cannabinoids. After investigating the structure of the different classes of
synthetic cannabinoids, a common pattern was noted in most compounds. It was
observed that most synthetic cannabinoids contain naphthalene, indole or indazole rings
as part of their structure. Therefore, the mass generated by the molecular ion peak was
used to search for synthetic cannabinoids containing either a naphthalene, indole or
indazole group. Southern Association of Forensic Science (2016) and Scientific Working
Group for Analysis of Seized Drug (2016) databases for cannabinoids were used to select
possible cannabinoids based on the molecular ion. Selected compounds were broken
down into small fragments to compare their masses to the fragmentation pattern observed
in the mass spectrum for each compound.
The first compound identified was MA-Chminaca. The molecular ion displayed
in its mass spectrum was 371.3 (fig. 1b) and matched the molecular weight of MAChminica listed in the Southern Association of Forensic Science database. When the
molecule was broken down into different fragments to associate it to the fragmentation
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pattern in the spectrum, a match was found. Fragment ion at 145.1 corresponded to the
carbonyl attached to the 3rd carbon of the indazole group. The 244.1 fragment ion
corresponded to the addition of cyclohexylmethyl to the indazole group. The 312.3
fragment ion corresponded to the addition of 2-methyl-1 propanamine. Lastly, the 371.3
fragment ion matched to the addition of methyl formate to the propanamine chain.
After MA-Chminaca was identified as a possible synthetic cannabinoid, the
fragmentation patterns of possible synthetic cannabinoids were studied to establish a
common pattern since most synthetic cannabinoids are analogs of each other. As a result,
a mass spectrum of similar fragmentation differing only on the molecular ion was
observed and identified as AB-Chminaca. Fragment ions at 145.1, 244.1, and 312.3 were
found to be the same as those found in MA-Chminaca. A mass difference was found due
to the replacement of a methyl ester group for an amine group resulting in a molecular
ion of 356.3 (fig. 1a).
Fragment ion at 145.1 was found in two other mass spectra corresponding to the
presence of indazole 3-carbonyl. Additionally, these two spectra shared fragment ions at
233.1 and 304.1 differing only on their molecular ion (fig. 2). The molecular ion for one
of the mass spectrum was used to find a possible synthetic cannabinoid from the Southern
Association of Forensic Scientists (2016) database. 5fluoro-EMB-Pinaca (fig. 2b) was
found to have a molecular weight of 377.2g/mol and an indazole group in its structure.
The molecule was broken down into fragments. Fragment ion of 233.1 corresponded to
the addition of a pentyl fluoride group to the nitrogen of the indazole 3-carbonyl group.
The fragment ion at 304.3 corresponded to the addition of 2-methyl-1 propanamine to the
carbonyl group attached to the indazole. The molecular ion at 377.2 corresponded to the
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addition of an ethyl formate structure to the 2-methyl-1 propanamine. The second
spectrum containing similar fragmentation contained a molecular ion of 363.3 instead of
377.2 corresponding to addition of an extra carbon and two hydrogen atoms. Spectrum
containing the molecular ion at 363.3 was identified as 5fluoro-AMB (fig. 2a) containing
a methyl formate instead of an ethyl formate.
Molecular ions at 383.4 and 329.3 (fig. 3) were compared to the Southern
Association of Forensic Science (2016) database for possible synthetic cannabinoids.
The mass of the molecular ions matched 5FluoroAKB-45 (383.4g/mol) and XLR-11
(329.3g/mol). Fortunately, the mass spectra for these two compounds were retrieved from
Scientific Working Group for Analysis of Seized Drug (2016) database. Similar
fragmentation patterns were observed for the unknown and the reference spectra. NM2201 and a potential synthetic cannabinoid were identified by LC-TOF by Bruker
Daltonics analysts. Reference standards compounds obtained from Cayman Chemical
were run under same experimental conditions and used for confirmation purposes.
Blue Giant Potpourri Analysis:

Table 1: List of compound found in BlueGiant herbal incense bag
Compound Name
1,3-Dioxalane, 4 methyl-2phenyl
methyl Anthranilate
dihydrocoumarin
tetrahydro Naphthyl
methylcarbamate
phytol
pentadeconoic Acid,14methyl-methyl ester
linoleic acid ethyl ester
octadecanoic acid
MA-Chminaca
AB-Chminaca

Molecular
Weight

Category

Retention time

Blueberry scent

3.105

Berry scent
Scent
Pesticide

3.667
4.043
7.360

163.30
151.16
148.16
205.25

Active ingredient
Phytochemical
compound
Active ingredient
Phytochemical
compound
Synthetic cannabinoid
Synthetic cannabinoid

8.952

296.54

9.864
10.906
11.599
14.414
17.632

270.45
308.49
284.40
371.30
356.30
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(b)

Figure 1. GCMS analysis of Bluegiant Potpourri. (a) EI fragmentation for reference and sample of
Schedule I controlled substance, AB-Chminica, m/z 356.3 (b) GCMS fragmentation for MA-Chminaca,
standard and sample with a m/z 371.3.

For BlueGiant Potpourri the Total Ion Chromatogram showed two intense peaks
that belong to two synthetic cannabinoids, and some other intense peaks corresponding to
active ingredients and blueberry scent. Table 1 contains a list of compounds that were
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identified as either cannabinoids or active ingredients for BlueGiant potpourri with their
corresponding retentions times. The most intense peak in the Total Chromatogram was
identified as AB-Chminaca with a retention time of 17.632 and is classified as Schedule I
controlled substance. The second most intense peak has a retention time of 15.489
corresponding to MA-Chminaca. Figure 1 contains the Total Ion Chromatograms for the
identified samples and the reference materials. Figure 1a, at the right, displays the data
obtained for AB-Chminaca, and a reference GCMS data obtained from Cayman
Chemicals. GCMS fragmentation for both, standard and sample, display major ion
signals at mass-to-charge (m/z) 312.3, 241.2, and 145.1 (fig. 1a). Figure 1b belongs to
the data obtained for MA-Chminaca corresponding to the sample, at the right, and the
reference material, at the left. Both obtained under same conditions. Mass spectra
revealed major ion signals at m/z 371.3, 312.3, 241.2, 145.1, corresponding to MAChminaca. AB-Chminaca is an indazole-based psychoactive compound related structure
to AB-Fubinaca. They differ from a cyclohexyl group substituted for the 4-fluorophenyl
group found in AB-Fubinaca. It also has a similar structure to AB-Pinaca, which
contains a pentyl chain instead of the cyclohexyl group. MA-Chminaca is an analog of
AB-Chminaca metabolite. AB-Chminaca metabolite contains a hydroxyl moiety instead
of the amide group. MA-Chminaca results in the replacement of the hydroxyl moiety by
a methyl ester group.
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Pineapple Xtreme Aroma Therapy Potpourri Analysis:

Table 2: List of compounds found in Pineapple Xtreme herbal incense product.
Molecular
Compound Name
Category
Retention time
Weight
allyl-2-ethyl butyrate
Scent
2.859
156.22
cyclohexanepropanoic acid,2
Pineapple scent
5.581
propenyl ester
196.20
6.492
corymbolone
Active ingredient
236.30
7.927
n-hexadecanoic acid
Active ingredient
256.40
phytol
Active ingredient
8.947
296.3
pentadeconoic Acid,14Phytochemical
9.853
methyl-methyl ester
compound
270.3
linoleic acid ethyl ester
Active Ingredient
10.906
308.49
Synthetic
5fluoro-AMB
13.73
cannabinoid
363.30
Synthetic
5fluoro-EMB-Pinaca
14.095
cannabinoid
377.30
Synthetic
MA-Chminaca
15.475
cannabinoid
371.30
Synthetic
NM-2201
27.739
cannabinoid
375.40

Figure 2. GCMS analysis of Xtreme Pineapple Aroma Therapy. (a) GCMS data for 5-fluoro AMB
standard and sample, with a molecular ion at m/z 363.3. (b) EI fragmentation of 5fluoro-EMB Pinaca for
reference and sample, m/z at 377.3 (c) Reference and standard GCMS data for NM-2201 with a m/z at
375.2. (d) MA-Chminaca GCMS data for reference and sample, m/z of 371.3. (e) EI fragmentation of an
unknown synthetic cannabinoid, with molecular mas of 437.3.
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Figure 2. (continued)
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Figure 2. (continued)

Xtreme Pinneaple Potpourri contained four known synthetic cannabinoids, and
based on the fragmentation pattern, a potential synthetic cannabinoid is also detected.
This unknown compound contained a molecular ion of 437.3 and shared similar
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fragmentation ions at 145.1, 233.1, and 304.1 as 5fluoro-AMB and 5fluoro-EMB-Pinaca.
This fragmentiation can possibly represent a potential synthesized cannabinoid anolog of
5fluoro-EMB-Pinaca and 5fluoro-AMB; however, further examination needs to be done
to reach a final conclusion. Table 2 contains the compounds identified using the NIST
MS database for the most intense peaks in the total ion chromatogram, with their
corresponding name, category and retention time. The mass spectrometry for the most
intense peak displays a fragmentation with mass ion signals at m/z 363.3, 304.3, 233.2,
145.1 corresponding to 5-Fluoro-AMB with a retention time of 13.73 (fig. 2a). GCMS
data was collected under same settings for the standard material, displayed in figure 2a
left side, showing same fragmentation for identified compound. This cannabinoid is an
analog of AB-Pinaca characterized by the replacement of a primary amine with a
methoxy group and the addition of an alkyl-terminal fluorine atom. It has a similar
structure to MA-Chminaca differing in the replacement of the cyclohexyl group with a
pentyl fluoride chain. The second peak at 14.095 minutes has a fragmentation with mass
ion signals at m/z 377.3, 304.1, 233.1, and 145.1 which was identified as 5-Fluoro-EMBPinaca (fig. 2b). Fragmentation patter is similar to the standard material represented in
the GC chromatogram and mass spectrum in figure 2b, left side. This synthetic
cannabinoid is an analog of AB-Pinaca as the carboxamide group is replaced with ethyl
acetate and the addition of an alky-terminal fluorine atom. It has a similar structure to
5fluoro-AMB, instead of a methoxy group, 5fluoro-EMB-Pinaca has an ethoxy group. A
third peak from the total ion chromatrogram was identified as NM-2201 containing a
GCMS fragmentation with mass ion signals at m/z 375.2, 232.1, 207.1, 144.1, and 115.1
(fig. 2c, right side). Fragmentation for the standard material is observed at the left side of
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figure 2c. NM-2201 is a synthetic cannabinoid similar in structure to AM-2201,
differeing by an ester linking the 3’ position to the naphthyl group. A small peak having
a retention time of 15.475 minutes was identified as MA-Chminaca. The EI
fragmentation shows mass ion signals at m/z 371.3, 341.1, 312.3, 241.2, 207.0, and 145.1
(fig. 2d). This compound was also detected in BlueGiant potpourri bag. Lastly, a low
intense peak was observed at a retention time of 18.350 with EI fragmentation displaying
mass ion signals at m/z 437.3, 304.1, 233.1, 207.1, and 145.0 (fig. 2e). The compound
name remains unknown. However, this potential cannabinoid shares similar
fragmentations to those observed for 5fluoro-EMB-Pinaca and 5fluoro-AMB which are
analog to AB-Pinaca. One potential structure is presented in figure 2e, in which a 5fluorophenthyl group is attached to the ester terminal side.
Blueberry Smacked Potpourri Analysis:
Table 3: List of compounds found in Blueberry potpourri bag
Compound Name
Category
Retention time
dihydrocoumanrin
1,5,5,8-Tetramethylbicyclo[4.2.1]non-9-yl]
acetic acid
tetrahydro Naphthyl
methylcarbamate
d-glucose
phytol
pentadeconoic Acid,14methyl-methyl ester
linoleic acid ethyl ester
XLR-11
dL-alpha tocopherol
5-fluoro-AKB-48

Scent
Active Ingredient

4.007
6.634

Molecular
Weight
148.16
238.30

Pesticide

7.360

205.25

Sugar
Active Ingredient
Phytochemical
Compound
Active Ingredient
Synthetic Cannabinoid
Preservative, flavor,
antiseptic
Synthetic cannabinoid

7.949
8.952
9.864

180.15
296.54
270.30

10.921
13.579
17.709

308.49
329.30
430.30

22.815

383.40
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Figure 3.GCMS analysis of Blueberry Smacked Potpourri. (a) EI fragmentation of Schedule I controlled
cannabinoid, XLR-11 reference and sample with molecular ion signal at m/z 329.3 (b) GCMS
fragmentation for 5fluoro-AKB-48, m/z 383.3 for reference and sample.

For blueberry smacked potpourri, two different cannabinoids were found; one of
them being a Schedule I controlled substance, XLR-11, and the other was identified as 5Fluoro-AKB-48. Table 3 shows the compounds found in the blueberry smacked bag
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including synthetic cannabinoids, active compounds and ingredients responsible for the
scent and flavor. Figure 3 contains the chromatogram and the mass spectra for XLR-11
and 5fluoro-AKB-48 including experimental samples and standard. As observed in
figure 3a, in the right chromatogram, XLR-11 peak corresponds to the retention time of
13.579 generating a mass spectrum with a molecular ion signal at m/z 329.3. When
analyzing the mass spectrum, the fragmentation pattern contained intense peaks with
major ion signals at m/z 329.3, 232.2, 314.3, 144.1, which correlates to XLR-11. A
second peak of lower intensity was observed at 13.857 minutes, which shows similar
fragmentations as the first peak. This compound is identified as a rearrangement product
of XLR-11. This rearrangement product is the result of the high temperature of the GC
injection port the causes the cyclopropyl ring to open. According to Eckre el at. (not
dated), compounds containing cyclopropyl group undergo thermal degradation producing
a second peak in a chromatogram which results from a thermodynamic product where the
cyclopropyl ring was thermally opened. A reference spectrum obtained from Cayman
Chemical library, observed at the left in fig 3a, was used to compare the fragmentation
pattern for confirmation of compound. XLR-11 is an analog of UR-144 containing a
fluoride group at the end of pentyl chain. These compounds belong to the third wave of
synthetic cannabinoids manufactured to have a greater affinity for CB2 receptor to
circumvent the ban S.3187 that classifies any cannabinoid receptor type 1 agonist as a
Schedule I substance (Eckre, el at. not dated). The third major peak in the chromatogram
with a retention time of 22.815 minutes had a fragmentation that belongs to 5-FluoroAKB-48 with major ion signals at m/z 383.4, 355.3, 294.1, 233.1, 145.1 shown in figure
2b. Fragmentation pattern has similar ion signal to the standard compound analyzed
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under same conditions, which is displayed in figure 3b, at the left. 5fluoro-AKB-48 is a
pentyl indazole with a structure similar to JWH 018 adamantyl carboxamide and STS135. STS-135 differs from 5fluoro-AKB-48 by being an indole instead of an indazole,
yet having the same functional groups. It differs from AKB-48 by having fluorine at the
terminal carbon of the pentyl chain. N-5 fluoropentyl is known to increase the potency of
receptor CB1 in the brain.
G-20 Second Generation:
Table 4: List of compounds found in G-20 second generation herbal potpourri.
Retention
Molecular
Compound Name
Category
time
Weight
1,5,5,8-Tetramethylbicyclo[4.2.1]non-9-yl] acetic Active Ingredient
6.634
acid
238.30
phytol
Active ingredient
8.900
296.30
5-fluoro-AMB
Synthetic cannabinoid
12.657
363.30
squalene
Phytochemical compound
13.552
429.00
dL-alpha tocopheral
Preservative, and flavor.
16.459
430.00
alpha-Amyrin
Active ingredient
24.452
426.00

Figure 4. GCMS analysis for G-20 second Generation Potpourri. (a) EI fragmentation for 5-Fluoro-AMB,
m/z 363.30
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After analyzing G-20 second generation, one synthetic cannabinoid was identified
as well as active and aromatic compounds naturally found in plant material. Table 4
contains the list of identified cannabinoid and active compounds with their corresponding
elution times. A peak at 12.67 minutes showed an EI fragmentation with mass ion signals
at m/z 363.3, 304.1, 233.1, and 145.0 (fig. 4a). Using this fragmentation pattern, the
compound was identified as 5-Fluoro-AMB, also observed in the Xtreme Pineapple
potpourri.
LC-TOF Analysis:
Although the principles of GCMS and LC-TOF are the same, the sensitivity and
resolution of LC-TOF produces more accurate molecular weights and more information
about the chemical structure is obtained. In comparison to GCMS where only one mass
analyzer is used, LC-TOF uses two analyzers. The first analyzer filters the precursor ion
generated upon ionization while the second analyzer filters the product ion resulting from
the fragmentation of the precursor ion. This method provides faster higher resolving
power across the m/z range, mass accuracy up to four significant figures, and better
sensitivity.
Samples were prepared and sent to Bruker Daltonics where analysis was carried
out employing Q-TOF Impact II instrument for identification and confirmation of
compounds. They were identified using the precursor ion m/z to generate a list of
possible compounds of same m/z by SmartFormula software. Potential compounds were
then given possible structures that were generated by CompoundCrawler and Metfrag.
Then, using SmartFormula 3D, empirical formulae for the precursor ion and its MS/MS
fragmentation were generated and verified that product ions were subset of the precursor

24
ion. Herbal potpourris analyzed by LC-TOF included BlueGiant, Pineapple Xtreme, and
Blueberry Smacked only.
BlueGiant Potpourri Analysis by LC-TOF:

Figure 5. LC-TOF analysis of BlueGiant Potpourri. Base peak chromatograms and electron ionization
masses of AB-Chminaca (a) and AB-Chminaca metabolite (b) are shown.

The LC-TOF analysis of BlueGiant presented two intense peaks that were
identified as AB-Chminaca, and AB-Chminaca metabolite. Base peak chromatogram of
AB-Chminaca showed a retention time of 5.4 minutes and a protonated molecular ion at
m/z 357.2282. The precursor ion was further fragmented producing molecular ions at
m/z 55.0541, 97.1012, 145.0397, 241.1335, and 312.2073 as shown in figure 5a. By
using the implemented software, the fragmentation provided by the precursor ion is
identified as AB-Chminaca. Figure 5b shows the second compound identified with a
retention time of 5.9 minutes and a protonated molecular ion at m/z 358.2125. The
product ions showed signal ions at m/z 55.0541, 145.0396, 241.1337, 312.2071 being
identified as the metabolite of AB-Chminaca. The identification of this compound differs
from the data obtained during the analysis of GCMS, where MA-Chminaca was
identified instead, producing a molecular ion at m/z 371.3.
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Blueberry Smacked Potpourri Analysis by LC-TOF:

Figure 6. Analysis of Blueberry Smacked potpourri by LC-TOF. Base peak chromatograms and electron
ion mass spectra for XLR-11 (a) and 5FluoroAKB-48 (b).

The base peak chromatogram for Blueberry potpourri revealed the presence of
two compounds that eluted at 6.8 minutes (fig. 6a) and 7.3 minutes (fig. 6b). The first
compound is identified as XLR-11 as the first mass analyzer generated a precursor ion
signal at m/z 330.2230 ([M+H]+) followed by the a second fragmentation producing
product ions at m/z 55.05, 125.0960, 232.1130, 312.2123, and 330.2221. The second
peak has a precursor ion signal at m/z 384.2444 ([M+H]+) and product ion signals at m/z
93.0700, 135.1169, and 384.2440 that match the fragmentation of 5fluoro-ABK-48, also
known as 5fluoro-Apinaca. SmartFormula 3D and CompoundCrawler were used to
generate and identify these compounds. The presence of these compounds is confirmed
in Blueberry Smacked potpourri as the same results were obtained when analyzed by
GCMS.
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Pineapple Xtreme Aroma Therapy Analysis for LC-TOF:

5FluoroAMB

5FluoroEMB-Pinaca

c) NM-2201

d) Potential
Compound

Figure 7. Analysis of Pineapple Xtreme Potpourri by LC-TOF. Base peak chromatogram and electron
Ionization mass spectra for all identified compounds.
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The LC-TOF of Pineapple Xtreme Potpourri identified three known synthetic
cannabinoids and one unknown compound. The most intense peak displayed in the base
peak chromatogram has a retention time of 5.7 minutes (fig. 7a). Its electron ionization
mass showed a protonated molecular ion at m/z 364.2055+/- 0.005 and product ions
signals at m/z 41.0387, 117.0448, 145.0398, 233.1087, 304.1822, and 364.2036.
SmartFormula and SmartFormula 3D were used to generate a molecular formula and
identify the compound as 5fluoro-AMB. The next compound had an elution time of 6.1
minutes (fig. 7b) with a protonated molecular ion at m/z 378.2188+/- 0.005Da.
Fragementation showed product ions at m/z 41.0384, 145.0396, 233.1083, 304.1817, and
378.2177 identifying the compound as 5fluoro-EMB-Pinaca. 5fluoro-AMB and
5FluoroEMB-Pinaca have similar structures as they generated product ions of similar m/z
signals. The third compound had a low intensity and an elution time of 6.9 minutes (fig.
7c). The first mass analyzer showed a precursor ion at m/z 376.1712 +/- 0.005da and the
second analyzer produced ion signals at 41.0386, 144.0445, and 232.1134. The precursor
ion fragmentation matched the fragmentation pattern of NM-2201, generated by
SmartFormula3D. The last compound identified by LC-TOF was an unknown
compound, possible a potential synthesized cannabinoid. This last compound had also a
low intensity and is eluted at 6.5 minutes (fig. 7d). Its precursor ion had a molecular ion
signal at m/z 441.2977 +/- 0.005Da and product ions at m/z 41.0385, 145.0398,
233.1087, 304.1823, and 438.2566. Same product ions as 5fluoro-AMB and 5fluoroEMB-Pinaca were observed. However, this new compound had a heavier functional
group attached to the molecule backbone. For this compound, Compound Crawler was
used to generate possible structure. Possible structure of this compound may be observed
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in figure 3e. The compound identified by LC-TOF agreed with the results obtained in
GCMS for majority of the compounds. The only compound that was not identified by
LC-TOF but identified through GCMS is MA-Chminaca. MA-Chminaca may not be
detected by LCMSMS due to its low original concentration when extracted from the
potpourri bags and its further dilution. Pineapple Xtreme and Blueberry Smacked were
500x diluted while BG was 50x diluted before injection in the LC-TOF.
HPLC Analysis:
Herbal incense products were then purified using high liquid chromatography.
After selecting a method for analysis, peaks generated by each of the analyzed products
were manually collected in multiple fractions. Collected aliquots were then analyzed by
GCMS in order to identify the collected peak. Due to the similarity in the structure of
these synthetic cannabinoids, difficulty arose during the separation of most of these
compounds. From the compounds identified by GCMS and LC-TOF only 5fluoro-AKB45, 5fluoro-AMB, AB-Chminaca, and XLR-11 were properly separated and purified by
HPLC.
From the Blueberry Smacked potpourri both of the identified synthetic
cannabinoids were successfully extracted by HPLC and verified by using GCMS. Figure
8 contains the total ion chromatograms and the mass spectra for XLR-11(a) and 5fluoroAKB-48 (b) compounds extracted from Blueberry herbal product. As the chromatogram
shows, the compounds were properly extracted and purified and a single peak is observed
aside from the methanol peak.
For BlueGiant potpourri only one synthetic cannabinoid was extracted, ABChminaca (fig. 8c). As observed in figure 2(a) the peak identified as AB-Chminaca had
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the highest intensity, and thus was easy purified by fractional collection. It is possible
that MA-Chminaca cannot be extracted due to its low concentration in the potpourri or
due to similarities in structure to AB-Chminaca. In this case, new mobile phase
composition might be needed to achieve a better separation.
For the Pineapple Xtreme potpourri and G-20 potpourri 5fluoro-AMB was
extracted (fig. 8d,e). This compound was the most concentrated compound in the
Pineapple potpourri according to the chromatogram shown in figure 3a, which displays
high peak intensity for 5fluoro-AMB. A new approach for extraction needs to be
performed by either changing the composition of the mobile phase or the extraction
solvent in order to separate all the compounds found to be present when analyzed by
GCMS.

(a)

(c)

(b)

(d)
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(e)

Figure 8. Total ion chromatogram and Electron ionization mass spectra of compounds collected by HPLC
from the four different potpourri bags. XLR-11(a), 5fluoro-AKB-48(b) collected from blueberry potpourri.
AB-Chminaca (c) extracted from BlueGiant potpourri bag. 5fluoro-AMB (d) purified from Pineapple
Xtreme potpourri bag. Compound extracted from G-20, 5-fluoro-AMB (e)

FTIR-ATR Analysis:
The purpose of purifying the samples by HPLC was to obtain FTIR-ATR spectra
for structural confirmation by studying the band frequencies of functional groups.
Synthetic cannabinoids are found to share similar molecular weight slightly differing in
the presence of functional groups that are attached to the indole or the indazole structure.
Collected FTIR-ATR spectra were used to identify the compounds by examining group
frequencies of possible functional groups. According to Alpert et al. (1970) many
functional groups give frequencies that interfere and obscure absorption bands of other
functional groups in a compound, therefore group frequencies were utilized for the
identification of the question compound. For instance, in the examination of the purified
synthetic cannabinoids, absorption bands for the indole and the indazole due to their
aromatic structure were expected at 2000-1500cm-1; however, bands at this range were
obscure by the presence of carbonyl group and the presence of the amide group. Indole
and indazole structure were identified by the presence of the following peaks, which were
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found to be present in all the compounds 1524cm-1, 1470cm-1, 1310cm-1, 1171cm-1,
1004cm-1, 748cm-1, and 776cm-1 within a +/-5cm-1. In an attempt to identify alkyl groups
present in the compounds, another overlap was observed at 3000-2800cm-1, and 900750cm-1 which range belongs to the group frequencies of aromatic rings, alkanes, and
alkenes. For confirmation of the sample structure, FTIR-ATR spectrum of the reference
standard was obtained under the same conditions. For the compounds that are regulated,
reference spectra were obtained from Scientific Working Group for Analysis of Seized
Drug database. ATR spectra from the standard compounds that were found previously by
GCMS but could not be separated by HPLC were also collected to examine their
structure and similarities on spectra. These results are not included.
The following tables contain only the frequencies that differ from each other and
correspond to intense peaks in each spectrum. XLR-11 compound is the only extracted
compound that has indole as the backbone structure. The frequencies slightly differ yet
still contain few peak frequencies similar to the indazole structure. The peak frequencies
identified for indole are: 1529cm-1, 1463cm-1, 1394cm-1, 1376cm-1, 1164cm-1, 966cm-1,
and 748cm-1 which belong to the vibration in the benzene rings.
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XLR-11 Sample

XLR-11Reference

Figure 9. FTIR-ATR spectrum for the XLR-11 extracted from Blueberry Portpurri at the top, and a
reference spectrum for XLR-11. Spectra are display as wavenumber vs. % transmittance.

Table 5: Identified functional groups with their corresponding frequencies from XLR-11
extracted from Blueberry Smacked Potpourri
Frequency (cm-1)
Functional Group
Type of Vibration

2921.26, 1463,
and 1390
1624.86
1522.78
1030.02
743.27

Alkyl group
Carbonyl
Indole
Alkyl fluoride
Indole

-C(CH3)2 symmetric scissors
C=O stretch
C=C symmetric stretch
C-F bend
C-C stretching

Figure 9 contains the spectrum for the XLR-1 extracted compound and a
reference compound retrieved from Scientific Working Group for Analysis of Seized
Drug database. The main peaks identified for XLR-11 are shown in table 5. A
1624.86cm-1 peak was obtained which corresponds to the carbonyl group attached to the
carbon in the indole structure. Group frequencies at 2921cm-1, 1463cm-1 and 1390cm-1
corresponding to alkyl frequencies correlate with the presence of 1,1,2,2
tetramethylcyclopropane. Another identified group was the alkyl fluoride attached to the
nitrogen in the indole, which peak frequency is given at 1030.27cm-1 at a low intensity.
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Peaks around this area can help identified between UR-144 and XLR-11 since one is the
analogue of the other differing only in the presence of a methyl group instead of fluorine
at the terminal carbon of the pentyl chain. The reference spectrum was used for
comparison and confirmation of XLR-11.

5FluoroAKB-48 Standard

5FluoroAKB-48 Sample
Figure 10. FTIR-ATR spectra for 5Fluoro AKB-48 standard, at top, and the 5FluoroAKB-48 sample
extracted, at the bottom. The spectra are displayed as wavenumber vs. % transmittance.

Table 6: Identified functional group with their corresponding frequencies from
AKB48-N-5F extracted from Blueberry Smacked Potpourri
Frequency
Functional Group
Type of Vibration

2905.93
2849.53
1662.77
1527.12
1491.29
1037.93
749.72

Adamantly group
Carboxamide
Aromatic frequency
Second band for secondary amide
Alkyl Fluoride
Aromatic ring

C-C Stretching
N-H bend
C=N symmetric stretch
C-N-C bend
C-F stretching
C-C stretching

Figure 10 contains the FTIR-ATR spectrum for the second compound extracted
from the Blueberry Smacked Potpourri bag, AKB48-N-5F. Table six listed only the most
intense peaks observed in the spectrum. One peak of high intensity is observed at
2905.93cm-1, with a peak shoulder of low intensity at a frequency of 2849.53cm-1. This
absorption band is contributed by the presence of the adamantly group. The second peak
identified for this compound was observed at 1662.77cm-1, which corresponds to the first
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absorption band of the secondary amide group branching off the indazole. A second
band that belongs to the group frequencies was observed in at high intensity at
1491.29cm-1. A high peak intensity was observed at 1527.12cm-1 corresponding to the
C=N in the indazole structure. Other peaks of lower intensity observed in the spectrum
for the extracted 5fluoro-AKB-48 corresponded to the aromatic vibrations for the
adamantly and indazole group with group frequencies around 700-500 and 1500-1400. A
standard spectrum of 5fluoro-AKB-48 was collected for comparison. The spectrum of
the extracted compound matched the peaks displayed by the standard compound.

5FluoroAMB Standard

5FluoroAMB Sample

Figure 11. FTIR-ATR spectra for 5fluoro-AMB standard, at the top, and 5Fluoro-AMB compound
extracted from Pineapple Xtreme, at the bottom. The spectra are displayed as wavenumber vs. %
transmittance.

Table 7: Identified functional groups with their corresponding frequencies from
5Fluoro AMB extracted from Pineapple Xtreme
Frequency
Functional Group
Type of Vibration

2960.28
1740.83
1666.35
1525.08
1490.79
1204.09
1039.31
752.03

Alkane
Methyl Formate
Secondary amide
Indazole
Secondary amide
Ether
Alkyl fluoride
Aromatic compound

CH Strech
O=C stretch
C=O strech
C=N symmetric stretch
C-N-C bend
C-O-C stretch
C-F
C-C stretching

Figure 11 shows the spectrum for 5fluoro-AMB synthetic cannabinoid extracted
from the Pineapple Xtreme potpourri. The spectrum of 5fluoro-AMB revealed the
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presence of methyl formate group by the absorption band show at a frequency of
1740.83cm-1. Two bands similar to the observed in the 5fluoro-AKB-48 were also
present in 5fluoro-AMB, which belongs to the group frequencies of the amide functional
group at 1666.25cm-1 and 1490.79cm-1. The main peak for C=N bond in the indazole
group was also observed at 1525.08cm-1. In 5fluoro-AKB-48, peaks at 2905.93cm-1 and
2849.53cm-1 were observed for the presence of the adamantyl group overlapping the
absorption of the indazole carbon-carbon bond. For confirmation, a spectrum of the
5fluoro-AMB standard was collected and compared to the spectrum obtained from the
extracted compound. The peaks for both the standard and the extracted 5fluoro-AMB
showed similarity.

AB-Chminaca Sample

AB-Chminaca Reference

Figure 12. FTIR-ATR results for AB-CHMINACA extracted from BlueGiant Potpourri herbal bag.
Extracted sample spectrum is displayed at top. Standard spectrum is shown at the bottom and it was
obtained from Cayman chemical company.
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Table 8: Identified functional groups with their corresponding frequencies from ABCHMINACA extracted from BlueGiant
Frequency
Functional Group
Type of Vibration

3389.08
2925.84
2851.58
1651.44
1531.52
1491.43

Primary amine
Cyclohexane
Cyclohexane
Secondary amide group
Indazole
Secondary amide

N-H bend
C-H stretch
CH2-CH2 stretching
C=O stretch
C=N symmetric stretch
C-N-C bend

Figure 12 contains the spectra for AB-Chminaca synthetic cannabinoid
extracted from Blue Giant potpourri bag. The main peaks identified for this compound
were shown at 1651.44cm-1 corresponding to the methanamide group and a second band
for the same functional group was observed at 1491.43cm-1. The presence of primary
amine is given by the absorption band at 3389.84cm-1 on the fingerprint region.
Secondary peaks for the primary amines were masked by the presence of the cyclohexane
ring. Cyclohexane can be identified by the presence of intense absorption bands at
2925.84cm-1 and 2851.58cm-1.
Discussion:
GCMS and LC-TOF analysis resulted in the detection of seven different
compounds found in Blueberry Smacked Potpourri, Xtreme Pineapple, G20, and Blue
Giant Potpourri belonging to the indazole carboxamide class with the exception of NM2201 and XLR-11 which belonged to the naphthoylindole and tetramethylcyclopropylcarbonylindole class, respectively. The indazole carboxamide derivatives encountered in
this analysis demonstrated modification on their structure by the presence of different
functional groups attached to the carboxamide side or the side-chain attached to the
nitrogen atom in the indazole ring. For instance, 5fluoro-EMB-Pinaca and 5-Fluoro-
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AMB, both found in Pinnapple Xtreme differed only by the addition of an ethoxy group
rather than a methoxy group. These two compounds differed from MA-Chminaca by the
presence of the pentyl fluoride chain instead of the cyclohexyl group. From the seven
identified synthetic cannabinoids, 5-Fluoro-AMB and MA-Chminaca were identified to
be present in two out of the four bags that were examined. Based on fragmentation
similarities to other identified compounds, a potential synthetic cannabinoid
corresponding to the carboxamide indazoles derivative was detected by LC-TOF and
GCMS.
Based on the results, an additional advantage of LC-TOF over GCMS was
observed. LC-TOF produced better results for compounds that demonstrated
thermodegradable characteristics. Themodegradable compounds that contain cyclopryl
rings tent rearrangement due to high temperature at the injection port of the GCMS
generating two peaks in the chromatogram, as observed for XLR-11. Furthermore, LCTOF was useful to identify compounds that were not identifiable by GCMS due to the
absence of the molecular ion. The use of two mass analyzers and soft ionization
technique allowed the LC-TOF to provide more information of the chemical structure of
a compound. In the first analyzer, the parent compound is ionized and fragmented
resulting in the formation of the precursor ion. The precursor ion is further fragmented in
the second analyzer resulting in the formation of product ions.
HPLC analysis of herbal incense products worked best for compounds found
to be in high concentrations and have distinct structures. This was expected since HPLC
is less sensitive and selective than GCMS and LC-TOF. Nevertheless, isolation and
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purification of synthetic cannabinoids was successfully accomplished for four synthetic
cannabinoids.
Infrared spectroscopy data of purified samples showed similar absorption
bands among the synthetic cannabinoids because most of the compounds were found to
be indazole carbaxime derivatives. Yet, their spectra provided distinguishing and
characteristics information to individualize each of the synthetic cannabinoids based on
their functional groups.
This project was the first step in an attempt to determine a pattern in which
synthetic cannabinoids are being modified. More herbal incense products need to be
analyzed and studied in order to find a modification pattern for these compounds that can
possible lead the forensic community to predict future structure of synthetic cannabinoids
and be one step ahead. By studying the pattern in which these compounds are being
modified, clues about chemical compounds being used for modification can be obtained.
This information can then be utilized to predict possible structures of synthetic
cannabinoids. By examining multiple bags not only can the possible cannabinoids be
predicted; but, studying the composition of the products used to treat the plants can reveal
the origin of the products. In addition, a database for synthetic cannabinoids can be
expanded providing structural data from different analytical techniques for future
research studies.
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